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SPECIFICATION 
Internal gear pump and an inner rotor of such a pump 

Technical field 

This invention relates to an inner rotor of an internal gear pump 
having a unique tooth shape, and an internal gear pump comprising such 
an inner rotor and an outer rotor. 

Background art 

The following patent documents 1 and 2 show conventional internal 
gear pumps. 

Patent document 1- JP utility model publication 6-39109 
Patent document 2-' JP patent publication 11-811935A 

The internal gear pump disclosed in Patent document 1 includes 
trochoidal internal gear rotors generated based on the diameter A of a base 
circle, the diameter B of a rolling circle, the diameter C of a locus circle and 
eccentricity e. 

The internal gear pump disclosed in Patent document 2 comprises 
an inner rotor including epicycloidal tooth tops and hypocycloidal tooth 
spaces, and an outer rotor including hypocycloidal tooth tops and 
epicycloidal tooth spaces. 

Disclosure of the invention 

Problems to which the invention seeks a solution 

In the arrangement of Patent document 1, the diameter of the circle 
that connects the tooth tops of the inner rotor is determined by the number 
of teeth of the inner rotor, projected eccentricity e (distance between the 



centers of the inner and outer rotors), the diameter A of the base circle, the 
diameter B of the rolling circle, and the diameter C of the locus circle. This 
means that if the diameter of the circle that connects the tooth tops of the 
inner rotor is predetermined to a fixed value, the eccentricity e is also 
determined and not changeable. Thus, it is impossible to increase the 
discharge rate of the pump. Since the theoretical discharge rate of the 
pump increases with the eccentricity e, in order to increase the discharge 
rate of the pump, it is essential that the eccentricity be determinable 
without restrictions. 

In Patent document 2, too, since the tooth top and tooth bottom of 
each tooth are generated by a rolling circle that rolls on the base circle 
without sliding while being circumscribed about the base circle, and a 
rolling circle that rolls on the base circle without sliding while being 
inscribed in the base circle, respectively, the eccentricity e cannot be freely 
determined as in Patent document 1. Thus, it is impossible to increase the 
discharge rate of the pump. 

An object of the present invention is to increase the discharge rate of 
an internal gear pump by making it possible to freely determine the 
eccentricity of the rotors of the pump. 

Means to solve the problems 

According to the present invention, there is provided an inner rotor 
for an internal gear pump including a plurality of teeth each comprising a 
tooth bottom defined by hypocycloidal curves, an engaging portion 
configured to engage an outer rotor and defined by involute curves, and a 
tooth top defined by a predetermined curve. 

The engaging portion refers to the portion of each tooth where the 
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inner rotor meshes with the outer rotor when the inner and outer rotors are 
rotated at projected eccentric positions. 

From another aspect of the invention, there is provided an internal 
pump comprising the inner rotor of any of claims 1 to 3, and an outer rotor 
having a plurality of teeth which are in the shape of an envelope of tooth 
contours of the inner rotor when the center of the inner rotor is rotated 
about the center of the outer rotor along a circle having a diameter of (2e + 
t), where e is the distance between the centers of the inner rotor and the 
outer rotor, and t is a maximum gap defined between the outer rotor and 
the inner rotor when the inner rotor is pressed against the outer rotor, 
while the inner rotor is rotated about the center of the inner rotor by 1/n, 
where n is the number of teeth of the inner rotor, of one full rotation of the 
inner rotor every time the center of the inner rotor rotates once about the 
center of the outer rotor. 

Preferably, the inner rotor is designed such that a base circle of the 
hypocycloidal curves has a diameter greater than a base circle of the 
involute curves, each of the hypocycloidal curves of the tooth bottom 
connecting with one of the involute curves of the engaging portion at a point 
inside of the base circle of the hypocycloidal curves, and wherein a tangent, 
at the point, to a circle having a center at the center of the inner rotor and 
passing the point forms an angle smaller than 85 degrees with respect to a 
tangent to the involute curve at the point. 

The predetermined curve defining the tooth top may be a part of a 
circle or an oval, but is preferably an epicycloidal curve. 

Advantages of the invention 

According to the present invention, the engaging portion of each 
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tooth of the inner rotor, which is provided between the tooth bottom and the 
tooth top, is defined by involute curves. Unlike trochoidal internal gear 
rotors and cycloidal internal gear rotors, involute curves are not generated 
by the locus of a point of a circle when the circle rolls on a base circle. Thus, 
such involute curves can be generated independently of the eccentricity e. 
Thus, the eccentricity e can be freely determined. This means that the 
discharge rate of the pump can be increased by increasing the eccentricity 
e. 

By designing the inner rotor such that a base circle of the 
hypocycloidal curves has a diameter greater than a base circle of the 
involute curves, each of the hypocycloidal curves of the tooth bottom 
connecting with one of the involute curves of the engaging portion at a point 
inside of the base circle of the hypocycloidal curves, and wherein a tangent, 
at the point, to a circle having a center at the center of the inner rotor and 
passing the point forms an angle smaller than 85 degrees with respect to a 
tangent to the involute curve at the point, the inner rotor can be smoothly 
brought into meshing engagement with the outer rotor. 

By defining each tooth top with an epicycloidal curve, it is possible 
to minimize gaps at the sealed portions of the pump, and thus to improve 
the volumetric efficiency of the pump. Such an epicycloidal tooth top can be 
smoothly connected to the involute engaging portion, so that the tooth 
surface can be more easily worked. The noise of the pump can be reduced, 
too. 

The outer rotor of the pump according to the present invention, 
which is used in combination with the above-described inner rotor, has a 
plurality of teeth which are in the shape of an envelope of tooth contours of 
the inner rotor when the center of the inner rotor is rotated about the 
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center of the outer rotor along a circle having a diameter of (2e + t), while 
the inner rotor is rotated about the center of the inner rotor by 1/n of one 
full rotation of the inner rotor every time the center of the inner rotor 
rotates about the center of the outer rotor. 

Brief description of the drawings 

Fig. 1 is an enlarged partial view of an inner rotor according to the 
present invention, showing one of its teeth; 

Fig. 2 shows internal gear rotors of a pump according to the present 
invention; 

Fig. 3 shows different internal gear rotors of a pump according to 
the present invention; 

Fig. 4 shows how the tooth contour moves when the center of the 
inner rotor is rotated while rotating the inner rotor about its center; 

Fig. 5 shows internal gear rotors of a conventional pump; and 

Fig. 6 shows the results of a comparative test on the relationship 
between the number of revolutions of the rotors and the discharge rate. 

Description of numerals 

1 inner rotor 

2 tooth top 

3 engaging portion 

4 tooth bottom 

5 rolling circle 

6 base circle of hypocycloidal curves 

7 base circle of involute curves 

8 outer rotor 
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Best mode for embodying the invention 

Fig. 1 shows an enlarged view of the inner rotor embodying this 
invention. In Fig. 1, the inner rotor is generally designated by numeral 1. 
Each tooth of the inner rotor includes a tooth top 2, an engaging portion 3 
that engages the outer rotor, and a tooth bottom 4. 

The tooth bottom 4 is defined by hypocycloidal curves, while the 
engaging portion 3 is defined by involute curves. In the embodiment, the 
tooth top 2 is defined by a circular curve but may be defined by a part of an 
oval or an epicycloidal curve as shown by one- dot chain line in Fig. 1. 

Each hypocycloidal curve forming the tooth bottom 4 is the locus of a 
point on a circle 5 having a diameter d when the circle 5 rolls on a base 
circle 6 having a diameter Dl while being inscribed in the circle 6 without 
slipping. The base circle (pitch circle) 7 of each involute curve forming the 
engaging portion 3 has a diameter D that is smaller than the diameter Dl 
of the base circle 6 of each hypocycloidal curve. The base circles are 
concentric to each other. 

In the embodiment, the tooth top 2 and the tooth bottom 4 have a 
height and a depth, respectively, that are both slightly less than 1/3 of the 
entire height of the tooth. Thus, the engaging portion 3 has a height that is 
slightly greater than 1/3 of the entire height of the tooth. But the engaging 
portion 3 may have a greater or smaller height. 

Such a tooth contour is generated first by determining the position 
of the surface of the engaging portion 3 (position of the involute curve), and 
then determining the diameter Dl of the base circle 6 of the hypocycloidal 
curve and the diameter d of the circle 5 such that the hypocycloidal curve of 
the tooth bottom 4 is connected to the involute curve at point Q at a desired 
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angle a. 

The angle a herein referred to is the angle with respect to the line 
that passes point Q and is perpendicular to the line connecting the common 
center (not shown) of the base circles 6 and 7 and point Q (which is the line 
tangent to a circle concentric to the inner rotor at Q). Typically, the inner 
rotor of an internal gear pump includes 4 to 15 teeth, and preferably, has an 
inclination angle a of less than 85 degrees and not less than about 65 
degrees. In order to maximize the discharge rate of the pump, the inner 
rotor has preferably about 4 to 12 teeth and has an inclination angle a in 
the range of 70 to 80 degrees. 

The diameters Dl and d of the base circle 6 and the circle 5, which 
together form the hypocycloidal curve forming the tooth bottom 4 are 
determined by the diameter of the inner rotor 1, the number and height of 
the teeth thereof, the pitch of the teeth, the position of the involute curve 
forming the engaging portion 3, and the inclination angle a at point Q. 

The tooth top 2 is preferably formed by an epicycloidal curve as 
shown by one-dot chain line in Fig. 1 because such a curve can be smoothly 
connected to the involute curve forming the engaging portion 3. By defining 
the tooth top 2 with a curve that is smoothly connected to the engaging 
portion 3, the tooth surface can be more easily worked, and also, it is 
possible to minimize the gaps of sealing portions of the pump defined 
between the teeth of the inner and outer rotors, thereby increasing the 
volumetric efficiency of the pump. 

Figs. 2 and 3 show internal gear pumps each including the inner 
rotor 1 according to the present invention and an outer rotor 8. The pump 
shown in Fig. 2 is of a type in which the inner rotor 1 and the outer rotor 8 
are arranged such that the clearance between a tooth bottom of the inner 



rotor 1 and a tooth top of the outer rotor 8 will be zero. The pump shown in 
Fig. 3 is of a type in which the inner rotor 1 and the outer rotor 8 are 
arranged such that the clearance between a tooth top of the inner rotor 1 
and a tooth bottom of the outer rotor 8 will be zero. 

The teeth of the outer rotor 8 are formed as follows. 

As shown in Fig. 4, the center Oi of the inner rotor 1 is rotated about 
the center Oo of the outer rotor 8 along a circle S having a diameter of (2e + 
t), where t is the maximum clearance defined between the outer rotor 8 and 
the inner rotor 1 with the inner rotor pressed against the outer rotor. 

Every time the center Oi of the inner rotor 1 rotates once about the 
center Oo of the outer rotor 8, the inner rotor 1 is rotated by 1/n of one full 
rotation about its center Oi. The one-dot chain line in Fig. 4 shows the tooth 
contour of the inner rotor 1 when the center Oi of the inner rotor 1 rotates 
about the center Oo of the outer rotor 8 along the circle S by an angle 0 to 
point Oi' with the inner rotor 1 rotating about its center Oi by an angle of 
0/n. The tooth contour of the outer rotor 8 is formed by an envelope of the 
tooth contour of the inner rotor at every position thereof when the inner 
rotor and its center are rotated in the above manner. 

In a simulation, the inner rotor and the thus formed outer rotor are 
meshed together and rotated to check if there is no interference 
therebetween, and if necessary, the tooth contour of the outer rotor 8 is 
corrected. Outer rotors having the thus corrected tooth contour are 
mass-produced. 

The outer rotor 8 thus formed is combined with the inner rotor 1 
according to the present invention, of which each tooth is formed by three 
kinds of curves, and they are set in a pump case (not shown) having an inlet 
port and a discharge port. The internal gear pump according to the present 
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invention is thus assembled. 

A performance test was conducted on internal gear pumps having 

tooth contours shown in Figs. 2 and 3 (pumps according to the invention) 

and a conventional internal gear pump having a tooth contour disclosed in 

Patent document 1 (comparative pump). 

Specifications of the pumps according to the invention and the 

comparative pump are shown below* 

Pumps according to the invention 

Number of teeth- 9 (inner rotor) and 10 (outer rotor) 
Dimensions- 94.0 mm in outer diameter by 10.8 mm in thickness 
Eccentricity e : 4.2 mm 

Comparative pump 

Number of teeth* 9 (inner rotor) and 10 (outer rotor) 
Dimensions* 94.0 mm in outer diameter by 10.8 mm in thickness 
Eccentricity e* 3.735 mm 
The performance test was conducted at an oil temperature of 80 

degrees C and a discharge pressure of 0.50 MPa. Fig. 6 shows the results of 

the test, i.e. the relationship between the rotor revolutions and the 

discharge rate. 

As is apparent from the test results, the pumps according to the 
invention have a greater eccentricity, and thus are higher in discharge rate 
than the comparative pump in spite of the fact that the pumps according to 
the invention are equal in the rotor outer diameter and thickness to the 
comparative pump. 
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